1 9
Counts were normalized using the median-of-ratios method(18) and log2 transformed for data 8 9
visualization. Principal component analysis (PCA) and hierarchical clustering were performed 9 0 using the R. The transcripts of all heatmaps were hierarchically clustered using Euclidean 9 1 distance and complete linkage function. Heatmaps were plotted using the NMF package(19), 9 2 while PCA and volcano plots were made using ggplot2 (20) . 9 3 RESULTS 9 4
Long-term absence of LCs leads to gene expression changes in KCs and DETCs 9 5
To determine the possible effect of the absence of LCs on the cells of the epidermis, we took 9 6 advantage of the huLangerin-DTA mice (hereafter LC -/-), which lack LCs starting from birth(6). 9 7
Thus, for these mice, KCs and DETCs develop, differentiate, and function in the absence of 9 8 mature LCs. Epidermal cells suspensions were generated from a cohort of LC -/mice, along with 9 9 littermate WT controls (Figure 1a ). After staining with specific markers, the KCs and DETCs 1 0 0 were sorted using flow cytometer, and RNA-sequencing performed. Unsupervised PCA of the 1 0 1 expression data revealed that KCs and DETCs, which developed in the absence of LCs, clearly 1 0 2 clustered away from their WT counterparts (Figure 1b) . We identified 1220 up-and 537 1 0 3 downregulated genes in KCs, while in DETCs, we identified 880 up-and 214 downregulated 1 0 4 genes using a false discovery rate (FDR) <0.05 (Figure 1c ). Out of the upregulated genes, 348 1 0 5 (19.9%) were common between KCs and DETCs, while 22 genes (3.02%) were commonly 1 0 downregulated (Figure 1c ). Next, we performed hierarchical clustering of differentially 1 0 7 expressed genes with at least 2-fold change and plotted heatmaps to show the distinct patterns of 1 0 8 up-and downregulated genes in KCs and DETCs (Figure 1d ). We used color-coded volcano 1 0 9 plots to better capture and visualize the common and cell specific changes in gene expression 1 1 0 (Figure 2a) . We observed that nerve growth factor (NGF) was highly upregulated in KCs and 1 1 1
DETCs. NGF is part of the neurotrophin family and is involved in the differentiation and 1 1 2 survival of neural cells(21), which suggest that LCs might directly or indirectly regulate nerve 1 1 3 homeostasis in the epidermis. responses and it is also needed for mast cell homeostasis(23,24). Dysregulated TSLP production 1 1 7 by KCs, in the absence of LCs, could have contributed to altered IgE levels(25) and increased 1 1 8 mast cell numbers (unpublished observation on FVB background) observed in the LC -/mice. 1 1 9
The KCs, among others, showed downregulation of the MHC-II pathway genes H2-Eb1 (Figure 1 2 0 2a and b), CD74 (invariant chain; also downregulated in DETCs;), and Cyp17a1, a member of 1 2 1 the P450 cytochrome family involved in carcinogen metabolism(26,27). 1 2 2
Lack of LCs might affect DETCs' biology and homeostasis 1 2 3
We discovered that DETCs downregulated the Th17 pathway associated molecules, including 1 2 4
RORc transcription factor, IL-17RB receptor, and IL-17A and IL-17F cytokines (Figure 2a and 1 2 5 b). The IL-17 pathway plays an important role in the DETC's innate immune function to fight 1 2 6 bacterial infections(28). More interestingly, we observed that DETCs showed lower expression 1 2 7 of the γ/δ TCRs (Trdv4 and Tcrg-V5) and upregulation of TCR alpha chains (Trav16 and 1 2 8 -4-dv7) . Transcription factors and other molecules that regulate the development, differentiation, and homeostasis of DETCs, such as Sox13, Blk, , were also 1 3 0 downregulated. Thus, unlike previously published data(30), these data suggest that LCs might 1 3 1 directly or indirectly regulate DETCs' biology and homeostasis, and could contribute to maintain 1 3 2 their identity/fitness in the epidermis/periphery in the absence of the thymic environment. 1 3 3
Trav13
The absence of LCs affected a variety of different cellular pathways in KCs and DETCs 1 3 4
To gain a broader picture about the effect of the absence of LCs on KCs and DETCs, we 1 3 5
performed KEGG pathway analysis on the expression data. We present data of significantly 1 3 6 altered pathways using FDR < 0.05. We observed significant overlap of pathways upregulated by 1 3 7
KCs and DETCs, but very minimal overlap of downregulated pathways (Figure 2c) . The 1 3 8 commonly upregulated pathways included different forms of cell adhesions (focal, adherent and 1 3 9 tight)-, ribosome and RNA biogenesis-, autophagy-, bacterial invasion/infection-, MAPK-and 1 4 0
ErbB signaling pathways (Figure 2d) . Alterations in adhesion molecules and the ErbB signaling 1 4 1 pathway in KCs, in the absence of LCs, were recently reported(22,31). The downregulated 1 4 2 pathways showed considerably less overlap between these two cell types and included some of 1 4 3 the amino acid degradation pathways (Figure 2d) . KCs showed distinct dysregulation (mostly 1 4 4 downregulation) of various metabolic pathways (sugar, protein, fatty acids, hormones, drug, 1 4 5 xenobiotics etc.), while DETCs presented with alterations in TGF-β−, Hippo-, oxidative 1 4 6 phosphorylation-, citrate cycle-, lipid metabolism-, Staphylococcus aureus infection-etc. 1 4 7 pathways (Figure 2d) . Thus, these data suggest that LCs might have common and cell-specific 1 4 8 effects on KCs' and DETCs' biology. Here we bring experimental evidence that long-term absence of LCs leads to gene expression 1 5 1 changes in KCs and DETCs. The significant changes discovered by pathway analysis also 1 5 suggest that KCs' and DETCs' biology and hemostasis are likely affected. Further studies are 1 5 3 needed to confirm the observed changes and their consequences. It will also be important to 1 5 4 determine which LC-derived factors play role in the epidermal homeostasis. Our preliminary 1 5 5 IPA Upstream Regulator Analysis identified a list of potential regulators, including cytokines, 1 5 6 growth factors, and enzymes (data not shown), known or anticipated to be produced by LCs. 1 5 7
To our knowledge we show for the first time that long-term absence of an immune cell can lead 1 5 8 to significant changes in the niche cells and to altered tissue environment. The effect of niche 1 5 9 cells on resident immune cells is very much appreciated by the immunologist, however, our 1 6 0 findings support the idea that the resident immune cells are not mere passive receivers, but rather 1 6 1 play an active and indispensable role in maintaining tissue homeostasis. Thus, studies using 1 6 2 constitutive immune-cell knockouts, including LC -/mice, in which the immunological changes 1 6 3 and outcomes were directly attributed to the absence of a specific immune cell, might have to be 1 6 4 reassessed (5, 6, (32) (33) (34) . Heatmap presentation of the genes that showed two-fold changes between LC -/and WT mice. 
